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ABSTRACT 

An experimental course covering some of the 
fundamental principles and terminology associated vith environmental 
science and the application of these principles to various 
contemporary problems is summarized in this report. The course 
involved a series of lectures together with a program of specific 
seminar and discussion topics presented by the students, and a 
limited selection of field and laboratory exercises. Content dealt 
with the biosphere; energy flow on the earth and in the biosphere; 
biogeochemical cycles — carbon, oxygen, water, nitrogen, and mineral; 
general principles of ecology; general population studies; human 
population studies; basic principles of genetics — biochemical 
genetics, genetic variation, and natural selection and evolution; and 
conservation and pollution. Evaluations conducted during the course 
are reported in detail. These include analysis of affective 
objectives, cognitive objectives, and the total course. (BL) 
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IMTllODUCTIOn 



Q5JECTIVES This course was desip.ned to develop an understandinf^ of 
some of the most inportr.nt problems of our current and continued 
existence, and throur.h a general analysis of these problems, including 
food production and population control, environmental pollution and tlie 
exploitation of natural resources, to create an a-areness and acceptance 
of the increasing influence of scientific research on natters of social 
concern, and thus tc pronote the recognition of both individual and public 
responsibility with respect to scientific developnent. 

The theoretical course aimed to provide a common background in 
both knowledge and understandinc of the basic principles and teminolory 
associated with environmental science, and to assist in the application 
of these principles to various contemporary problems. r^oreover the 
analysis of e>:periiaental reports by the students, both collectively and 
individually, and the preparation and presentation by each student of a 
comprehensive report or a single selected topic of particular personal 
interest, \iere intended to promote both rational and meaningful discussion 
on these Important and often controversial issues. 

A limited selection of field and laboratory exercises were 
included to develop the abilities of accurate and selective observation, 
and the manipulation of environi:iental variables in experimental situations, 
and through the analysis and interpretation of this experimental data, 
to eniphc-.sise the general importance of empirical research in 
environr.iental science. Moreover, in addition to the objectives above > 
and in part dependent on them, it nas intended in this course to develop 
in each student a rationally based connitment to the principle of 
environmental conservation. 

PRACTICAL COITSIDERATIONS \n Important and obvious consideration in 
planning this course v/as the varied background of these students in 
secondary science. 'Tiile many had studies matriculation biology, their 
experience in other areas of science was often limited to much more 
elementary courses, and some students had forgotten even these. 
Thus V7ith no common basis of scientific knoi7ledge and experience, it 
was necessary to devote a significant part of the course to developing 
this area in order to meet the objectives outlined above, in 
particular that of rational group discussion. 



It is often contended that the nore sophisticated levels of 
cognitive developnent can only be achieved by a deeper study in sorie 
relatively United field* Utifertunately, due largely to practical 
considerations of tine, nuiubers of students, and the availability of 
supervising staff, it was iiipractical to allo^» each student the benefits 
of a nore detailed and sophisticated individual experimental project, 
though it vras hoped that this deficit viicht be overcome in part by the 
Individual preparation and presentation of a comprehensive and 
analytical report of research publications in a restricted area of comnon 
interest. 

Ill GEI^RAL OUTLIilE The course as a T;hole involved a scries of lectures 

covering some of the fuudaiaental principles associated with environmental 
science, intended to provide a comnon basis for the later analysis and 
discussion of inportant contemporary issues. Associated v'ith this series 
of lectures was a programme of specific scininar and discussion topics, 
generally taken by one of the students and presented on the basis of a 
conprehensivc report of relevant research. This programme was designed 
to follow the associated lecture scries, so that nost of the 
inportant principles involved in these discussion topics T.»ould be covered 
by every student before the particular seninar was prGscntcd. 

It follows from these remarks that nost of the seninar and discussion 
topics had to be placed in the latter part of the course where, as a 
consequence of this, at the focal point of the programme involving 
inportant coratcnpcrary issues of both social and scientific 
significance, there was a shift in balance from predominance of formal 
lectures to one of student-directed discussion. Unfortunately, because 
of certain administrative difficulties, this sequence could not be 
invariably maintained, though in fact no serious practical difficulties 
arose. 

In order to facilitate discussion and promote individual responsibility 
for literature research, the students were divided into groups of 
fourteen or less for the entire scries of seminar topics. This enabled 
each student to select a different topic for presentation, and at the 
sane time ensured that a wide range of topics v;as discussed in every 
group. In addition to this, an introductory reading list *.Tas supplied 
for each discussion topic, taken from some of tho nore popular scientific 
Journals and research publications. 



THE BIOSPHERE 



Number of Associated Associated^ 
Lectures Lab /Fie Id Seinln .-^.r/ 
Exercises 



II eiERGY FLOW 



(1) The Earth 

(2) The Biosphere 



A(a),(b) 



III EIOGEOCIIEMICAL CYCLES 



(1) The Carbon Cycle 

(2) The Oxygen Cycle 

(3) The Water Cycle 
(A) The Nitroeen Cycle 
(5) llineral Cycles 



IV GENERAL PRIIICIPLES OF 
ECOLOGY 



2,5 



GENERAL POPULATION STUDIES 



11,111 



VI IIUMAK POPULATION STUDIES 



VII iJASIC PRINCIPLES OF 



(1) Biochemical Genetics 3 
<2) Genetic Variation 2 
(3) Natural Selection & Evolution 2 



9 



11 



VIII CONSERVATION ASP POLLUTION 



5 



IV 



5,6,7, 

10,11,12 

13. 



THEORETICAL STUDIES 



THE BIOSPITRE 

Definition ant! delineation* Description of 
physical features with reference to associated biological 
characteristics. 

ENERGY FLOU 

(1) THE EARTH . Distribution of energy on the earth. 
Reflection and absorption of solar radiation by the atmosphere) 
land and ocean. Horizontal and/or vertical circulation of 
energy in the atmosphere, land and ocean, and interchan«;e 
bettreen these regions. 

(2) THE BIOSPHERE . Fixation, storaf»e and utilization 
of energy. Interconversion of different energy forms, their 
distribution in different types of ecosyatemor environrent, 
and circulation through the food chains (grazing and decay). 

BIOGEOCimilCAL CYCLES 

(1) THE CAREOIT cycle . Photosynthesis, respiration, 
and the circulation of organic compounds in the biosphere. 
Distribution and circulation of atmospheric carbon dioxide,, 
with seasonal and annual fluctuations. Recent effects of 
fossil fuel combustion on the atmospheric concentration of 
carbon dioxide and associated particulate matter. 

(2) THE OXYOn?^^ CYCLE . The origin and current 
sources of oxygen. Respiration and oxygen transport at the 
organismic level. Possible effects of fossil fuel conbustion, 
defoliation and various fonns of pollution on the atnospheric 
concentration of oxygen and sources of production. 

(3) THE Vm:R CYCLE . Tistribution of trater in 
various physical forms on the earth. General natterns of 
atmospheric and oceanic circulation* The role of *^ater in 
photosynthesis and transpiration. 

(4) T1?E NITROGEN CYCLE . Atnoeipta«lc, industrial and 
biological fixation of nitro?en#. ^Nitrification and 
denitrif ication, nitrate assimilation and decay. Agricultural 
applications of nitrogen-f Ixinp bacteria, and the problems 
associated vrith chemical fertilisation. 



(5) t:iilERAL CYCLES , Relative distribution of 
minerals In the biosphere, ^Ithosphere, hydrosphere and 
atnosphere. General carboxylatlon and soluble-elenent 
cycles. Distribution and circulation of 'ihoF^horus and sulphur. 

IV GEIIERAL PRIi !C IPLi;S OF ECOLOGY 

Definition ami description of basic terns, including 
population, comnunityj ha!:itat> ecosysten and productivity. 
Food claL'as, food vebs, and the interdependence of autotrophic 
and heterotrophic orcanisr^s. Physical factors (temperature, 
lirjht, salinity, acidity, atmospheric and physiocraphic features) 
and biological interactions (plant /plant , plant/animal and 
animal /animal) which may affect the environment. 

V G^"T3tAL POPULATIOi: STUDIES 

Theoretical models for population p,rox;th. Factors 
affectinfr population growth, includins physical factors 
(lijSht, temperature, acidity, salinity and atmospheric 
conditions) and biological factors (plant/plant, plant/animal 
and animal /anlLuil interactions, includlnn parasitlsri and 
prcdatlon). Physiological responsns to overcrov/ding. 'Natural 
and artificial nethods of population control. 

VI ITOIAIT POPULATION STUDIES 

The human population explosion and factors affecting 
human population growth (including, medical, agricultural and 
general technological advances; physiological, psychological 
and social influences). Physiological and psychological 
responses to overcrovxllng in human populations. I*uman 
reproduction and methods of population Control, including 
contraception and abortion. 

VII BASIC PRIITCIPLES OF G!!:iIETICS 

(1) BIOGliEIICAL GEiIETICS . Chromosome structure and 
function, including the composition and replication of DMA. 
Protein synthesis, and the role of R*!A in transcription and 
translation. The significance and function of the triplet 
genetic code. 
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(2) n:::TrriC V/vRIATIO'T . Vnrioas fomr, c'lroroso >al 
nutatiorij Includln:^ deletion, aUcUtion, invf»r3ion anJ substitution 
ruitations. Cnontp.neouc an' ir luce.; nutation^ nn:I the role of 
:nitar:enlc a^ontSv ' oth pliyslcrl C'.-rayn. a, 6 an^I Y • r«v^Ri ''.V. 
radiation) an;! che'- lcrl (nitrous rcic; allsylatin'^ •^-r?ntn ^nc*, ' ase 
analo^uris) . 

(3) i^MTTJ^L rnLECTIOr a: t> r^/0y:7I0. \ "definitions or/^ 
descrlntlon. T^;ci c^fcctr? of positive an.- ncrativc selpxtion on 
bot'i Jior-lnant an-l ncccssive chnractcrlstlcs. T\c roles of 
I>olyru)rphlsr4 an<l polyploi.^y In evolution. Artif idol selection 
in plant an anir%al 'TceJinf^ - urtenics an.I theories of hurar> 
race <?.evclopricnt. 

VIII cO:Tcnr,vATio:: Aim pcllutioh . 

A series of incIepenJent case studies of (a) cnvironn.w.trl 
pollution; incorporatinr: suc!i tonics *in ra.-'iirtlon an- rto »lc 
".'aste, base rrctal accunulatlon (leaJ. anl nercury) 5 : io(!e:;ra(lAtior. 
and determents, avid othnr areas of interest , Incluc^ln^ t^»oce 
covereri in sciinar toplcc, anl (!) T'llIli'Tc concervationj •'it'i 
pnrticular reference to .\uGtralinn species. Trch of tbr,.oo case 
stu^lles o:-.nhaslsos the necessity for 1 -irical research. 



PRACTICAL EXERCir.ES. 



I ECOLOGICAL SURVEY OF All I;!TERTIDAL ZONE . This field exercise 
Involved a distribution study of several plant and animal 
species Inhabiting the Intertldal region of a marine shore 
platform. Each student selected a single species then, uslnc 
a sa22plln2 technique appropriate to its size and abundance, 
counted the numbers in a constant unit of area at various 
predetenulned Intervals alone ^ transect across the Intertldal 
zone. The distribution thus obtained ims then related to 
other influential features of the local environment. 



II EFFECTS OF EITVIRONMENTAL FACTORS ON POPULATIOH GROVJTK IM tEAST. 
This experiment involved a systematic study of the effects of 
variations in temperature, glucose level and aeration on 
population growth rate and naxintim population levels in a 
cultured suspension of yeaat. Each student was responsible for 
a single culture, with conditions chosen by the gtoup to 
cover the number of controls necessary to examine Independently 
each of the three variable parameters. Small samples t/ere 
extracted at regular Intervals from each culture, then fixed with 
formalin atld later counted in a haemacytometer. The culture 
medium was maintained in each case at pi! 4.5 to prevent bacterial 
and fungal grox^rth. 

III EFFECTS OP OVERCROIJDIHC OH BIRTH RATE IN DROSQPKILA . This 
experiment was designed to examine the effects of increasing 
parental population density on the subsequent birth rate in 
drcsophlla. Each student performed duplicate experiments 
with a fixed number of male and female parents, these numbers 
being chosen by the group to cover a wide range of parental 
population density. A complete set of replicate experiments 
\jas then made to determine the effects of (a) removing the 
parents before the development of the nesct generation, and 

(b) using non-virgin females in the parental cultures. The amount 
of food and size of the containing vessel were the same in each 
of these experiments. 



IV ENVIROra!Ein:AL SURVEY OF A LOCAL SYSTE!! . This was an elementary 
field and laboratory exercise designed as an introduction to 
the basic principles of systematic observation, and their importance 
in environmental research. Samples were ta1:en from various 
[ERXC predetermined areas of the Yarra river, and on-site measurements 

' ™™ made of temperature (air and water) and rate of flm;. The samples 



were then taken to the laboratory, ..here Pieasurements were 
aade of turbidity, salt content anJ total bacterial concentration. 
The results from each site vrcro finally collected to form a 
nore comprehensive report of this s/stcn. 



SEMIHAR/DISCDSSION TOPICS. 



9. 



EMERGY PRODUCTION . Since most coctemporary forms of domestic 
and Industrial energy production Involve some risk of environmental 
contamination. It Is now beconlnc evident that unless the 
present rate of production subsides, or other sources of power 
are Introduced, the Increasing problen of pollution may eventually 
lead to disastrous consequences. Utth appropriate reference 
to experimental and statistical evidence, discuss the conflict 
between the need for pover and the risk of pollution, then 
describe some practical method to overcome the contamination 
problen, and outline the difficulties associated with Its 
Implementation. 



2 THE BALANCE OF ?IATURE. The "balance of nature", x^hlch refers 
to the stabilisation of populations vrlthln a natural community, 
depends on the establishment of an equilibrium between different 
levels of the food chain. iTien this balance Is disturbed, either 
by man or some natural phenomenon, a population explosion often 
occurs, and may result In the eradication of subordinate species. 
Describe In detail one of these events and discuss, with 
reference to any available evidence, the probable reasons for 
the population explosion and how. If possible, to restablllse 
the comunity and restore the original equilibrium. 

3 EFFECTS OF 0VERCROI>T)ING . It has been observed In many animals 
that certain physlolonlcal changes, termed "stress" responses In 
nammals, are often associated ^^ith overcrotrdlng, and that these 
may be Independent of the availability of food and other 
environmental factors. It Is reasonable to suppose, therefore, 
that the recent population explosion nay Induce similar 
reactions In human societies. Outline and discuss the 
experimental evidence concerning these physiological reactions 
to overcrowding in animals, and comment on the implications for 
the human population. 

4 IIDMAM FOOD PRODUCTION. With the world popultlon already at an 

alarming level, yet continuing In many areas to Increase at 

an exponential rate, the problem of food supply has become one 

of the most Important issues in comtemporary science. Current 

agricultural methods must therefore be Improved, the productivity 

of cultivated areas Increased, and new areas developed to supply 

O ] . the ever* increasing dcroand for food. 

ERJC 



(A) The application of genetic pr5.nclples to ar,rlcultu\al 

;ic has c^eatly Increased the potential product Ivi v 
In p.any areas of primary Industry. Ulth partJ-niar rcterenc. 
to cnc or tT:o examples, outline the underlying prirciplos 
iriVoJ.vac'., diccuss the nethod and problcns of application, 
cvalv.aCG the effectiveness cf the present pro»>rr.rn:? , ar..I 
ccr.r^ont on the prospective potential of this field 
Syct^-nacic utilisation and cultivation of ocean resources 
nay stabilise or substantially improve the output: o7. 
existlnr, marine industries, and perhaps provide n^.^- nc-^ 
sources of basic materials for food produccion. Deer:..;-. 
some of the recent innovations and experimentG * i r'.s 
area 9 discu55s their advantap.es and disadvrr.tr.r^^.*;, 
evaluate their current success, and connent: 
prospective potential. 

EXPLOITATIOn OF TTATURAL C0:^IUI1ITIES > It ha.'? been if" .. ;:a . 
basis of recent agricultural experience that prosr.:^':i\ c 
agriculturalists should give more serious considr-::cLior tu . 
useful exploitation of trell-established natural rcinn:'— - ^ *:l-»Cv 
vjlth 1 view to reduclnp, the risk of c— ' der.radati^ 

IJlth partlculcr reference to one or tvjo examples, dicc^iss :lic 
possible agricultural applications of these principles, eval'jrate 
and compar-: their Icnc-term effects with those of conventional 
nethcds, and conment on their potential for efficiency ptA 
general productivity. 

;y/.r>TE PROlj'rCT ACCIU'nrLATIOn . it is unfortunate, to sny the least, 
that the unprecedented technological advancement of the 
tvrentieth century has involved such extensive utiM?=^r"lr)n of 
irreplaceable natural resources, result inr; in an evcr-incr 
stockr^ lie of wajte products t;hich are, in turn, rcrpcnsib:.? : v 
nany of the rore serious problens of environrienta? r:"l^-^t>v.. 
t-ith particular reference to one or txco examples, dii-c^: r.r, Lh 
scientific and social implications of ^mste prcdur.: .^.^ ^ 1' n. 
then outline and evaluate the practical prospects oL r^-^c 
metliod for overconinc these difficulties. 

AUSTBA LIAH !HLDLIFE COITSERVATION . It has been eot:.: -trJ tb.i ^ 
nore tlian thirty species of native Australian cninals hav! ^ttti 
evadicated since European settlement, and that mny c.'-.ho.r'} £^rc 
now in dnncer of iiapendinc e::tinction. '^ith parctrulav .c'^^---^ 
to one cr tw) cicamples, outline the history of, and d:rr.us3 Jr.^ 
probable reasons for, the recent population decline, then briefly 
present the case lor concervnrion, describe some practical n^thf d 



by which to achieve this Roal, and discuss the technical, 
financial, or social problens which r.lf'ht be associated ulth 
your plan of action. 

COIITRACrPTIOIK Assunin<» that there Is a definite llnlt to 
the number «f people vho can be adequately ii.a^.ntalned on the 
earthy It seeras reasonable to suppose that some jreneral ineasur:^ 
of human population control must ultimately be enforced. Tlille 
abortion Is Inefficient, and sterilisation often Irreversible, 
contraception, though occasionally unreliable, is generally 
considered the most pronisinj method of population control, 
and biochemical means the most practical and efficient method 
of contraception. Outline in detail one nethod of contraception , 
evaluate both its advantages and possible disadvantages, and 
discuss in brief the scientific and social implications of 
(general inplenentation. 

BIOLOGICAL EFFECTS OF ATOLtIC RADIATION . The already extensive 
and Increasinj; application of nuclear poucr may veil affect 
the natural course of evolution, and ultimately cause a serious 
threat to ha'nan existence. It is often argued, therefore, 
that the use of nuclear reactors and atomic esrplosives should 
be completely prohibited, rather than subjected to dubious 
restrictions based on sone arbitrary level of safety. ^l±th 
appropriate reference to experlr^ental evidence, discuss the 
principal biological effects of atonic radiation, and the 
problems associated vrith the continuation of the industrial 
application of atonic enercy* 

EFFECTS OF PirgtfXY IIERriCIPnS . Phenoxy compounds, including 
2,4-D (2,4-dichlorophenoxyacetic acid) and 2,4,5-T 
(2,4,5-trichlorophenoxyacetic acid) have been extensively used 
throughout the world as herbiv.iri and defoliants, but it is 
now suspected that they nay also have seriously detrimental 
effects on other organisms, and their application in some 
areas has therefore been recently restricted. Outline rxid 
discuss both the advantaf^es and possible disadvantaf^es of these 
compounds, evaluate the evidence for their current restriction, 
and discuss the likely consequences of this action. 



EFFECTS OF DDT , DDt (Dlchloro-dlphenyl-trichloroethane) has probably 
been the most useful and widely used Insectlclflc In recent 
agricultural history, yet the production and use of this confound 
have now been prohibited In roany countries of the world, and Its 
application In others severely restricted. Outline and discuss 
both the advantaccs and dlsadvsnta?rcs of ^DT as an agricultural 
insecticide, the reasons for, and likely consequences of, its 
current restrictions, and the future prospects of the search 
for possible substitutes. 

OIL POLLUTION . Oil has recently become one of the nost Irportant 
and extensively used sources of power, but every feature of its 
complex preparation, including extraction, transportation, 
refinement and ultinate combustion, has been shoxm to present 
important problems of envlronnental contamination. Outline the 
general problera of oil pollution, then discuss in detail one 
aspect of this probleir., evaluate the appropriate evidence, 
comnent on the conflict between industrial advantage and envlronnental 
danger, and suf^jjest some practical method to resolve this conflict 
of contamination. 

DRUG ADDICTION . Druj addiction is one of the most irmortant social 
and scientific problems of modern society, since the use of 
drugs la generally initiated by choice, but then perpetuated 
by force of habit, and may eventually lead to death. Contemporary 
methods of treatment for druc addiction are Generally inefficient 
and often ineffective, partly due to lack of understanding of 
the complex biolocical activity of these compounds. Describe 
In detail what is known of the physiolof»ical activity of one of 
these drugs, then discuss, V7ith appropriate reference to 
experimental evidence, the current problems of prevention and cure, 
and comment on the future prospects for present research. 



EVALUATIO:: OF AFFECTIVE OBJECTIVES. 



The folloT^inf, Questionnaire was devised to dctcmlnc whether tha 
attitudes of students tov:ard the peneral Issues of cnvironiacntal 
con^^:: atlon (t), the social significance of science (A), and the need 
for empirical research (C) could be reliably assessed their response 
to a number of statements thought to V-c related to each of these areas, 
and If so, whether any differences in attitude exist betvTccn various 
croups of students. The questionnaire contains thrcet groups, each havin<^ 
t..n statements eicpressinj^ different aspects of a corimon affective area. 
Half of the statoncnts in each r,i^oup are considoretl to be favourable 
to the attitude in question, and arc therefore scored fron one to five 
(positive direction) ^rith the hf.qhcbt score helnc allotted for strong 
agreement. The other statenents arc considered unfavourable, and narked 
the opposite (negative) direction. (Table 1) All of the statancnt 
forms and groups are randcnly distrlbutoci throughout the questionnaire. 



raVIRONMENTAL SCIEMCE RESEARCH PROJECT 



DIRECTIONS > 

The purpose of this project Is to determine your opinion nbout 
a number of statements related to various aspects of environmental 
science. Read each statement carefully, then Indicate your 
response as quicl.ly as possible by placing a marl: (X) In the 
appropriate position on the answer sheet, accordlnr to the 
key below. If you chanfje your mind about an answer, just cross 
out your orl^^^lnal response and narh another position. This is 
not a test or examination, but rather a statement of p ersonal 
opinion * Please r,ive an ansxixer to every stateuent, but do not 
write on this questionnaire. 

KEV ; 

SD - STRONGLY DISAGREE 

D - DISAGREE 

N - UOT SURE 

A - AGREE 

SA - STRONGLY AGREE 



1. The professional traininr, and specialised knowledge of a 
scientist does not f.ive him any particular place in general 
consnunity or political affairs. 

2. Fjcpert scientific opinion should not be subject to public 
scrutiny. 

3. It Is the responsibility of the nanuf acturer, rather than 
the public, to prove that his products pose no threat of 
environmental pollution. 

4. Despite the general desirability of wildlife conservation, 
it Is probably unwarranted in the case of many danperous 
species. Including some spiders and snakes, even though they 
nay be near extinction. 

5. Some study In science should be an essential part of every 
educated person's experience. 

6. No useful social purpose can be achieved by public discussion 
on matters of a scientific nature. 

7. Ecological research can be of little value in dlrectin*: 
decisions on environmental Issues. 

8. The general public should play a najor part in deterralnins 
the priorities of scientific research. 

9. Decisions about environinental conservation should be 
determined by consideration of their innedlate Importance 
to man. 

10. Aesthetic considerations should not interfere with the 
developnent and utilisation of natural resources. 

11. There is a need for greater public participation In decisions 
about environmental conservation. 



12. Science Is the responsibility solely of scientists, and 
thus the neneral public need take no responsibility for 
misuse. 



13. To Increase our understanding of the natural environment 
should be an Inportant objective of the school curriculum. 



lA. Industrial research ornanlsatlons should ?:lve at least the 
same priority to waste product disposal as to other areas 
of technological development. 

15. Specific case studies of environmental pollution and wildlife 
eradication are the only basis for rational generalisation. 

16. Economic considerations should be of less importance in 
decisions about environmental conservation. 

17. .The perpetuation of human existence is now completely 
dependent on conservation of the natural environment. 

18. It is an Inevitable consequence of any progressive 
civilisation that some wildlife species will eventually 
become extinct. 

19. Ignorance of technical terminolocy is no excuse for public 
inactivity on laatters of pollntlon and conservation. 

20. An increase in public Interest could prevent the irresponsible 
application of scientific research from destroying the human 
race. 

21. How that the immediate threat of environmental pollution is 
obvious, no further tine should be wasted on basic research. 

22. It Is Impossible even to guess the consequences of environmental 
action until the event has actually occurred. 

23. Ulldlife extinction is not a recent problem, and since it has 
never been a serious threat to human existence, there is 
little cause for concern. 

24. The application of scientific research is a matter for 
industrial organisations, who employ people for this purppse, 
rather than a matter for public concern. 

25. It is impossible to evaluate any environmental situation 
throunh observation alone. 



26. Environmental conservationists often cause unnecessary 
hindrance to Industrial progress. 

27. The soverment has no rifht to enforce on individual 
property owners a policy of environmental conservation. 

20. Since it is impossible to account for all the complex 
interactions of environmental variables, there is really 
no predictive value in ecolo<»lcal research. 

29. There is little point in drup research, since the 

scientists working in this field are often too preatly 
influenced by community pressures. 



30. The environmental effects of all major industrial 
undertakinRS must be constantly reviewed. 
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TABLE 1 

STATU lEirr CL/.SSI7IG\TI0'.! r.EY 



GTATz: :r.:rr group fo?j? statzit^h: cr.oup fopjc 

ITUIDER lIUlir.E?. 
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H 
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22 




•T 
•« 


8 


A 


F 
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9 


B 
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c 


F 


11 


A 


F 


26 


r 




12 


A 


II 
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13 
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C 


F 


29 
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IS 
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F 



]TOTES 01! STATE L"1TT CL/vSSIFICATIOI' 

The statenents In Group A refer to an avrarcncss of the social 
sl::nif Icance of science, Includln,^ public Interest and participation In 
areas of common concern, and the social responsibilities of X-oth scientists 
and non-scientists alike. Group Z is concerned T^lth a general comltuont 
to the principle of envlronncr.tcl conservation, and Involves political, 
aesthetic and economic considerations. Croup C i^sfers to the necessity 
for empirical research in environnental science, and to the allocation 
of responsibility for this research. 

FORI! indicates v^hcther the statenont is conslf?ercd to l,e favouraMe 
(F) or unfavourable (?T) to the attitude or group in q\icPtlon. l!ie 
responses are therefore narked accordinj^ to the key bfiirr. 



RESPONSE 



FOPJI 


sn 
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A 


SA 
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4 
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II 
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4 


3 


2 


1 
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TABLE 7 

C ROUP .'JVXYriS 

STUDEirr r'lPiiiER htati: '"t croup 
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SD 




SD 


• rn 


v.' SD 


lA 
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35.3 


3.49 


39.2 


3.0? 
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31 
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3.61 
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39.4 


3.25 


2A 


13 


Al.O 


3.11 


34.9 


3.37 


41.2 


1.95 


r. 


55 


39. 9 


4.17 


35.3 


4.07 


39.9 


3. on 


3 


27 


42.2 


3.C6 


34.9 


3.C-3 


40.3 


3.16 


TOTAL 


23A 


40.2 


3. 82 


35.1 


3.7G 


39. S 


3.15 



liOTES ON GROUP AJIALYSIS 

Student croup lA Includes all first year students currently lolnr Science 
I and intcndinn to continue uith Science II in one of their subsequent ye.^rs, 
while f^roup IB contains those not intending to continue with Science II. 
Groups 2A and 2B involve corrcspondinc divisions anonc second year students 
currently doing Science I. Group 3 includes nil second year students, 
both diplor.ia and certificate streans, currently uoinR Science II 
(Environncntal Science), and group A comprises third year (diploaa^ rS'^'^.^^^nz 
students nov doing Science II. 



TATXE 3 

STATEIIE?rr .\IL\LYSIS - CROUP A 



?:ui!r,r.r. forii pcncn'TT ep.'ards proraeii.ity 

POPUI^^JIITY T-SCOUE 

1 n C7.2 7.09 0.0001 

2 M 04.2 6.10 0.0001 

5 F ?2.7 6.11 ^.0001 

6 !! %.2 6.C6 0.0001 
S F 3r..3 6.30 0.0001 

11 F G6.C 4.52 0.3001 

12 94. D 6.22 0.0001 

19 F 94.0 6.2/. 0.0001 

20 F 60.3 7.33 0.0001 
24 :T 02. 1 0.10 0.0001 



RESPOnSE FREOUEIICY DISTniBUTIOII 
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5 


2 


2 
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C7 
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4 


9 
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5 
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9 


37 
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06 


45 


24 


59 


133 


i: 


20 


3 



TOTAL inJICER = 234 
ilEAIT = 40.2 

STAIIDARD DEVIATION - 3.38 
SPLIT-mVES RELAIBILITY " 0.617 
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STATEIEMT AIIALYSIS - GROUP C 





FORIt 


PERCEirr 


EDT'<\PJ>S 


PPOnARILITY 






POPULARITY 
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RESPONSE FPxEOUEMCY DISTRinUTIOM 


:!UIEER 
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9 




33 100 


IG f-l 


22 


10 
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26 20 


9 


13 
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13 
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24 117 


22 


23 
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4 


26 




45 111 
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1 


27 




73 u: 
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6 



TOTAL IIUIIBER » 234 
ilEAlT - 35.1 

STAIIDAPJ) DEVIATIOIT - 3.78 
SPLIT-l'ALVES RELIATILITY « 0.253 



TABLE 5 



STATE tEtlT AITALYSIS - CROUP C 



3 
7 

14 
15 
21 
22 
25 
28 
29 
30 



FORI! 

F 
U 
F 
F 



N 
F 



PERCEirr 

POPULARITY 
81.6 
91.0 
94. 0 
26.9 
70.1 
85.9 
59.3 
CS.5 
96.6 
96.2 



T- SCORE 
5.13 
A. 60 
3.53 
2.A6 
G.A2 
6.22 
A. 11 
6.75 
5.A6 
5.95 



PnOSABILITY 

0.3001 
0.0001 
0.0010 
O.ClOO 
0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
0.0001 



PJSPOMSE FREOUDJCY D ISTRISUTIOIT 
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SA 
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29 
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91 


17 
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15 
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12 


2A 


3A 


22 
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136 


17 
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25 
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13 


28 


5V. 


149 


22 
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29 


127 


99 
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1 


30 


6 


2 


1 


61 


16A 



TOTAL NUMBER » 23A 
TIEAII - 39.8 

STANDARD DEVLATIOl! - 3.15 
SPLIT-HALVES PLIABILITY » 0.126 
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:;OTES ON t3TATE!?::TT ,VT/XYSIS . 

The popularity of a positive or favourable stateaent is calculated, 
as the percentage of students uho express sor.c forn of ac;recuent v^it'.; that 
statement, and for nepative or unfavourable state: icnts as the percentapc 
of students expressing sonc fom of Jisaf»rceinent . Th* s very hiph and 
very low levels of popularity are indicative of poor discrinination. 

?.dwards ' t-scorc* is a neasure of the discrLminatinf^ power of any 
particular Btatercnt, and '•'s calculated as the difference in r'^an scores 
obtained on that statenent between the upper 27% and lower 27% of l ru ents 
deternined on the basis of their scor. s for the T/holc attitude scale. 
Thus a hijjh t-score value indicatcTi an effective contribution by tha 
statenent in ucasurinf; the cor.aion undcrlyin;: attitude continuun, and a lov 
value ray indicate either anbiguity or the noasurenent of an attitude 
unrelated to that expressed in other statenents. A valu;^ of t = 1.75 is oftc 
accepted as a minir>:al lower lir.it. 

The split-halves reliability is dcterminrd by the correlation betwoon 
a students* scores on the odd and cven-nurabered questions respectively 
v'ithin a particular jj^^o^P- This measure tends to underestiraate the 
actual test reliability, and nay be adjusted by using the Gpeamon- 
Bro^m correction belov7. 

2Rs 

Reliability = i+t^ where Rs = Split-halves reliability. 



* ED;L\?j)n, .A.L» Techniques of Attitude Scale Construction Applcton- 
Century Crofts, IT.Y., 1957. 
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EVALUATIOi; OF COGUITIVE OBJECTIVES 
The followinc test was desiflnod to evaluate several levels of coenitive 
processes, including knowledge, comprehension, application nnd analysis, 
i^ith respect to various areas of course content, involvin£; basic 
terrainology and ecological principles, cxperinental data,, practical 
procedures and scientific reports (table 8). Half of the questions 
are concerned only with knowledge, and progressively fever itcns aru 
devoted to the higher copnitive processes. These itens are not arranged 
in random order, and most of the questions pertaining to higher levels 
of ability are placed in the latter pp.rt of the test. 
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SCIEI^CE PART II - COURSE FVALUATIOH TEST - 1971 



INSTRUCTIONS TO CANDIDATES 



This test consists of 30 Items, half of which test 
knowledge of terminology, principles and experimental 
procedure, while the rest test your understandinR and 
ability to apply scientific principles or 
experimental procedure. 

Answering : 

Indicate your answer by printing the appropriate letter 
(A, B, C, etc.) in the brackets provided on your answer 
sheet. 

If you think you know an answer, give it even if you 
are not certain that you are correct. 



Oxycen evolved durinR photosynthesis is produced - 
*A as a by-product of respiration 
R from water In the leaves 
C by breakdovm of carbohydrate 
D from chlorophyll in the leaves 
E by decomposition of the air 



The environmental factors vjhlch influence the 
distribution of intertidal organisms include - 

A abundance of phytoplankton 

B clarity of the water 

C prevail Ing atmospheric conditions 

D the number of sea birds 

E all of the above 



. VJhlch of the following are characteristically found In 
natural communities? 

A Interdependent populations 
B both producers and constjmers 
C autotrophic organisms 
D more than one species 
E all of the above 
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A, The following fiRure represents a pedigree for a rare 
type of baldness In nan, result inf* from a dominant gene. 
No information is available to indicate which men were 
affected in the second generation. 



o 



Female 



<^ Affected Male 



SMale - no 
information 



1 (Generation) 



o 



II 



O StO 



III 



6 i 



m 6 



\Jhich of the men in the second generation is (are) almost 
certainly affected? 

A I only 

B 1, 2 and 3 

C 2 only 

D I and 2 

E 3 only 



llhich of the following Is evidence that D.N.A. Is the 
molecule which controls heredity? 

A D.N.A. can be seen In a microscope to 
have a colled structure 

B D.N.A. Is the only larce molecule in the 
nucleus of a cell 

C Deoxyrlbose sugar and phosphate molecules 
are known to alternate along the length of 
the colled D.N.A. strand 

D D.N.A. taken from a virus can change harmless 
pneumonia bacteria Into an infective form 

E The microscope reveals that there is a 
molecular code along the D.N.A. molecule 



6. Evolution can best be described as - 

A the survival of the fittest In a population 
B the survival of the more advanced organisms 
C the process of natural selection 
D the change of gene frequency In a population 
E the Inheritance of acquired characteristics 



7. It Is suggested that .a man possesses a recessive gene 
for dwarfism. If this is so, then we can Infer that - 

A at least one of his parents was a dwarf 

B at least half his children would be dwarfs 

C at least half . hla sperm would carry the trait 

D he would pass his dxjarf ism trait to half 
his sons 

E if he marries a dvmrf^ all his children 
will also be dx^arfs 
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A local newspaper reported that It x>ras danf:erous to eat 
mussels from a pier near the mouth of a polluted stream, 
and so a scientist was appointed to investipate the 
natter. IJhich of the following \;ould be the best initial 
procedure for the scientist to follow? 

A Examine any local people, knoT^n to have 
eaten the mussels, for syriptons of poisoning 

B Take daily samples of stream v;ater and 
determine the concentration of pollutants 
in the strean 

C Take regular bacterial counts alonf, the length 
of the stream and along the shoreline 

D Sample the mussel population and test them 
for the presence of harmful pollutants 

E Advise the council to instal water treatment 
plants near the mouth of the stream 



We would expect that the total weight of organisms in each 
of 4 trophic levels of an ecosystem would be related in which 
of the follox/inc ways? 
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< 




Cz 


< 
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producer 
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level 
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level 


2 
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C2 




C3 
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consumer 


level 
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Cz 
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C3 











A scientist investigated the average content of DDT in the 
organisms of the following food chain. 

Planktonic plant herbivorous fish carnivorous fish 

seagulls. , 

The following bar graph shows the concentration obtained 
for the first 3 types of orftanisms. All 4 orf^anisms had 
less than the lethal concentration of DDT. 



• A 



• B 



• C 

• D 



I ] 

Plankton Herb. Carn. Seagull 

Pish Fish 



Vlhich letter (A, B, C, etc.) represents the most likely 
height of the bar, indicating the concentration of DDT 
in seagulls? 



Cone, 
of 
DDT 
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A population of spiders In the rinalayas Is thought 
to be Indlglnous to the hlRhest territory Inhabited 
by any aninal. Spiders are carnivorous j therefore this 
particular population is raost likely to obtain food by 

A novinfi do\m to Icrrcr altitudes each day 

L cat ins each other 

C eating Insects blovm up the aovintains 
by the winds 

D adept ins to eatlnj^ plants 

E manufacturing organic material. from 
inorganic substances 

If we make precise quantitative neasureinents in a 
laboratory ecosystem, we would find that one ecsentla3. 
resource requires, constant, replacement. . Which of the 
following would this be? 

A free energy 

B free oxygen 

C potassium in the form of phosphate 
D carbon in the form of carbon dioxide 
E nitrogen in the form of nitrates 
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Questions 13, 14 and 15 refer to the flfjure below which 
represents a slnpllfled dlacram of the carbon cycle In nature. 




Fossil 
Deposits 



13. Vlhlch arrows apart from those for decay represent processet* 
by which carbon is combined XTlth oxygen to make carbon 
dioxide? 

A 1, 2 and 3 
B 5 and 6 
C 2» 3 and 4 
D 1» 7 and 3 
E 3 and 4 



T^lch arrows represent processes by which pure uncombined 
carbon is often formed? 



A 


1, 


2 and 


4 


B 


1, 


2 and 


3 


C 


3 


and 4 




D 


1, 


7 and 


3 


E 


5 


and 6 





The first effect of a sudden blockage In the cycle at 
point 1 would be - 

A a lov7erlng of the percentage of oxynen 
in the atmosphere 

B less plant decay 

C A build-up of water vapour In the 
atmosphere 

D a population explosion In anloials 

E stoppage at all other points In the cycle 

A gorrv-frec mouse Is sealed In a sterile space capsule. 
The anljnal*s food Is a crcen alga groxm In an open 
tank In which the animal's wastes are all deposited. 
Distilled water is placed In the tank, and can be obtained 
through a filter for drlnklnp. The animal is unl^ikcly to 
survive. IJhy? 

A The alga will be unable to use nitrogen 
either from the air or the nnlnal's wastes. 

B The alga can supply carbohydrates, but not protein. 

C Contaminated water from the tank will eventually 
cause disease. 

D The oxygen supply will be depleted to the 
stage xThen the animal will suffocate 

E lUce, like all organisms, belong to complex 
natural ecosystems and therefore cannot survive 
in such a simple and artificial one* 



17. Which of the folloxrf.nR graphs is likely to represent the 
growth of a population of fruit flies kept In a test tube 
for six months with ample food and ventilation? 
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Questions 18 and 19 refer to the following data. 

As an emergency measure » a parasitic wasp is introduced to control 

a plap^ue of butterflies whose larvae feed on a population of acacia 

plants. 

Assume that the wasp feeds only on the butterfly larvae and that 
the principal food of the larva is the acacia* The larvae are 
also eaten by birds. 

18 • If the wasp population became very large, which of the 
follovjing graphs Is likely to represent the change in 
numbers of the other organisms? 




Time 



Before the wasp was Introduced it would have been 
essential to initiate research into - 

A the likely effect on birds in the repion 

B the rate of flow of energy in the food chain 

C the rate of photosynthesis In the acacia 
population 

D the economic value of the acacia population 
E all of the above 



Most houseflies have developed resistance to DDT. This 
fact could be explained in a set of propo :^itions: 

1. All houseflies compete with each other for the 
environmental necessities of existence. 

2. The introduction of DDT produces a new selective 
factor into the environment. 

3. More houseflies are produced than the environment 
can support. 

A. Houseflies better adapted tc DDT uill survive and 
reproduce in greater numbers than those less v;ell 
adapted. 

5. There is wide variation amonc houseflies id.th respect 
to DDT resistance. 

6. DDT resistance nay be passed from ccneration to 
generation by hereditary factors. 

7. DDT resistance may arise throujjh rautation. 

8. An increase In the proportion of houseflies resistant 
to DDT may be classified as an example of evolution. 

The most logical sequence of these propositions would be 

A 6-4-7 B 1-3-7-6-5-2- 



C 




1-3-4 



VJhlch of the following is not essential in a permanently 
closed, balanced aquarium? 

A an autotroph 

B a producer 

C a primary ctn^^uraer 

D a secondary consumer 

E a decomposer 



At the Lavei'ton salt vorks, sea water is evaporated in 
closed ponds until it reaches a certain salinity, then 
moved to the next most inland pond. After passing through 
many pcnds the water reaches the point of 8uper«*8aturation 
and salt crystallises out. A group of students investigated 
the distribution of organisms in these ponds. One of these, 
Artemia (brine shrimp), a small cru«taeean, is extremely 
salt-tolerant. The figure below represents the number of 
brine shrimp per 100 gallons of water, graphed against 
percentage salinity. 
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22 (cont'd) 

Which of the follo\d.ng Is likely to be the nost significant 
reason In determining the forepoln,'^, distribution? 

A Brine shrimp reproduce faster with increasing: 
salt concentration 

B The shallow pools Inland have nore sunlight 
reaclilnp photosynthetlc organisms 

C The uater temperature is likely to Increase 
as V7e go Inland 

D There vjould be changes in the numbers of 

competitors v;ith increasing salt concentration 

E Less sea birds would be found as we move away 
from the beach 



23. In some Asian countries fish farming is becoming Important 

as a source of protein. The table below lists characteristics 
of four hypothetical fish which could be used to stock a 
fish farm. All are knoxm to survive and reproduce vjell 
under conditions of artificial cultivation, and are equally 
acceptable to taste. 



Fish Max. Size Food of Fish 

1 3 inches phytoplankton 

2 6 Inches zooplankton 

3 6 Inches algae 

4 14 Inches smaller fish (1» 2» and 3) 



Which fish or group of fishes is likely to be the best 
for stocking the pond? 

A 1» 3 and 4 

B 2 and 4 

C 3 only 

D 4 only 

E 1, 2» 3 and 4 



A male dog v/as kept In a room at a temperature of 38 C. 
for two weeks, and at the end of that time the dog was 
found to be sterile. The experimenter proposed an hypothesis 
that the high temperature caused the dog's sterility. To 
defend this hypothesis the experimenter would have to show 
that - 



A the dog possessed genes for temperature 
sensitivity 

B the dog's blood pressure renialuad unchanned 
over two weeks 

C other marmal species kept in the sane room 

and at the seme temperature, nlso became sterile 

D the dog x:as not sterile prior to this 

expericient 

E the dog's adrenal gland had not increased in 
size 



Van llalraont (1662) added only water to a snail willow 
tree cutting, and found that after 5 yearfe growth it liad 
gained 164 lbs., but the soil in the pot had lost only a 
negligible 2 ozs. in v;eicJ:t> TJhich of the follo\^rg 
explanations best escplain the observation of Van llelmont 
(use only the datr. available to r.he experimenter)? 



A 



Uater and CO^ caused the increase in 
plant's wcigHt 



B 



Water was "split" and CO2 ras fixed, 
resulting in the increase in plant ^jeight 



C 



Water is necessary for photosynthesis 



D 



Plants are composed entirely of water 



E 



Soil ip not nv^.cessary for plant groxirth 



26. The table below Is based upon data collected by Ryther 

(1959). lie compared the fishing potentiality of the open 
ocean (75% of the earth's surface) with the shallox^er 
coastal zones, where nutrients are circulated more readily, 
lie believes the maximum f ishlnc rate in the coastal zone 
cannot exceed 100 raillion tons annually t-dthout irreparable 



dana<;e. 
Area 


PercentaRe of 
Oceoi Area 


Aver ace productivity 
in crms. carbon per 
year per square 
meter 


Averap,e No. j Annual 
of trophic ! Fish 
levels, i catch 
before edible 








fish can be 










harvested 




Open 
ocean 


90% 


50 


5 


40,000 
tons 


Coastal 
zone 


10% 

1 


100 


3 


;60,000,000 

! tons 

1 



IJhlch of the following Is the best peneral Interpretation that can 
be made on the basis of this data? 

A The open ocean, where at present only 40,000 
tons of fish are caught annually, has the 
potential to produce enouch fish to 
significantly reduce food shortages. 

B The coastal zone is likely to remain the nain 
source of fish for human consumption. 

C Fishermen probably concentrate on the coastal 
zone because suitable fishing gear would be 
too costly and complex If used in the deeper 
open ocean. 

D The productivity of open ocean Is half the 
coastal zone but the area Is nine tines as 
great; we could expect therefore that about 
450 million tons of fish could be harvested 
from the open ocean. 

E Food chains are longer and productivity 
lower in the open ocean, so that more care 
will be required If the ecosystem Is to be 
protected In this area. 



27. A drug company wishes to test a new pain-killinc drug 
for sid«>-eff ects. Increasing doses of the drug were 
given every two hours to 20 people. These people were 
tested for average time of reflex response after each 
dose, each of which was double the previous dose. It 
tjas found, when the results were g^^aphed, that there 
was a simple straight line relationship between dosop.e 
and the average time of reflex activity. 




Which of the followinp is the best criticism of the experiment? 

A Not all drugs retard reflex activity and the 
hypothesis is doubtful in the first place. 

B Different people should have been used for 
each successive dose. 

C The experiment should have been repeated 
several times to see if consistent results 
were obtained. 

D If higher doses had been used, even greater 
effects might have been apparent* 

E He have no indication that all people are 
equally affected by the drug since only 
average reflex times are shown above. 
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The following Is part of an article fron the AustraLr.cian 
Journal of Pharmacy, July 1969, heraldlnn a new approach 
to bllharzla, one of the world *s major health problems* 

" Unofficially, the London scientists admit that they are 
av/altlnc '.7lth feverish excitement the first conslgniaents 
of endod fruit, gJ^ovm under controlled conditions at the 
experinental farms of the llalle Selassie University near 
Addle Ababa* 

For tha fiulr. of this humble shrub, which Is n^oim widely 
In Eastern Africa may enable raan to conquer the disease. 
The harvest is expected shortly, 

Bilharzic is a slovj, parasitical killer disease \^lch, 
paradoxically, lias been encouraged by the spread of modem 
faming methods in the developlnc countries. 

There are no immitnising drugs against the disease, which 
can be cured in advanced cases only through lengthy 
hospital treatment. 

The parasites nomally take years to kill their victims, 
who experience perpetual lethargy. 

To survive, the bilharzia must have water as well as a 
human and snail host. Resembling a miniature torpedo, 
it swims about in tropical waters and enters the human 
body in a larval state. 

It affects the circulatory systeri, the bladder, liver, 
heart, lunps or intestines. On maturing, it lays e?Rs 
which are then excreted and in turn find their way back 
into water and on to a suitable snail host* 

•Dllharzla is the greatest danper to swimmers in tropical 
titers,* one specialist told me. *At least you might ^ 
have a chaucc to see the crocodiles before they attack.' 

Failure . 

There have been many attempts to curb the spread of 
bllharzla, but all of them have failed. 

Thousands of toxic chemical compounds have been tested 
for killing the snails - and with them the disease - 
but they liave proved either too expensive for application 
on a wide scale or harmful to fish which provide an 
Important local source of high quality protein. 

Biological methods of control, involving the 
encouragement of snails' natural enemies, usually 
lead to an equilibrium in the nu' j.ers of predators 
and prey, and thus to the survival of the disease. 

Ecological methods, such as the draining of water 
channels, the lining of x/ater channels, the lining of 
canals or the slnple piping of water call for considerable 
expenditure - and wuld in any case be defeated by the 
constant spread of irrigation systems extending the 
breeding grounds of the fertile snails. 
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(cont'd) 

Public health schenes providing for the chenlcal trcatip.ont 
of huDian excrcanent before Its flow Into water and put Into 
effect over larj»e areas could break the vicious circle of 
bllharzla. But their cost, again, would be prohibitively 
hlsh. 

Finally, nass drug treatment of bllharzla-affccted 
populations in the earlier stages of the disease Is 
extremely difficult to organise because many people 
are reluctaiit to suffer the unpleasant side-effects. 

These include constipation and loss of appetite* 
Neurological manifestations have also been reported, 
with patients conplalnlns that trees appear to be 
movlnc avjay as they approach them - until finally 
they collide with then. 

Thus the hlch rate of infection in many countries with 
hot climates - over 80 per cent of Africans and 10 
per cent of Europeans are Infected in Rhodesia, for c::ample 
has come to be accepted as part of life in the tropics. 

The presence of blood in the urine, associated with 
urinary bllharzla, is recarded in many places as one of 
the normal manifestations of adolescence. 

Effective . 

This, then, is the background to a younR Efbtopian bio- 
chemist's discovery of the toxic quality of ended fruit, 
which has already been ehoxm to be effective against 
the snails without undue damage to fish, cattle and other 
users of water, including, of course, man. 

And the hoped for solution is almost poetically apt. 
For the endod shrub commonly grows alonj> the shores of 
many bllharzla*affected waters. 

The discovery was made by chance at the Assam river at 
Adwa, Ethiopia, where housewives who cannot afford to 
buy soap use the endod fruit for the family washing. 

The scientist noticed large numbers of dead snails 
downstream from the wash places. 

The connection between the poor man's soap and the dead 
bllharz la-carrying snails may one day enable man to 
eradicate this terrible disease which now affects about 
250 million people. " 

The following statements might be used to suoomarlse this 
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(cont'd) 

1. xbe bllharzla parasite spends Its larval starre 

as a parasite of nan, but the adult form Is parasitic 
on a snnll« 

2. K:iny attempts have already been made to prevent 
bllharzla by killing the water snail host. 

3. Treatment: of human excrement could help prevent the 
spread of water snails, and hence also bllharzla. 

4. Besides suffering perpetual lethargy, bllharzla 
<?ufferers also experience constipation and loss of 
appetite. 

5. The ended fruit extract may enable scientists to 
cure sufferers of the bllharzla parasite. 

IJliich of these statements provide(s) a true account of 
the extract above? 



A 


1 and 2 


B 


2 and 3 


C 


2 and 4 


D 


2 and 5 


E 


2 only 



Quccticnj 29 and 30 refer to the followinc extract by Glass, 
froa a book, Sci'snce and the Concept of Race (1968) , 
published by Col. Univ. Prcjs. 

**In the small populations of ;: '^civilized times, the 
effects of nutation would expectably be more diversifyinn 
than today. The probability that the same favorable 
mutation would arise in two small populations (breeding 
size, 250) within the same span of 25,000 years, or 
roughly 1000 human Generations, is^only 25 per cent if 
the gene has a mutation rate of 10 ^ (one in a million). 
The probability that it becomes established in both 
populations is very much less. Consequently, in those 
early times favorable mutations vould rarely, if ever, 
arise and become established in more than one population 
coincidentally. Today, on the contrary, our broedina 
populations are so large that any favorable mutation is 
quite likely to arise in every population quite 
frequently. In a population of breeding size 10^ (100 
million individuals; 200 million functioning {i:2petes per 
coneration) , a mutation td.th a frequency of 10 ^ will 
arise 200 tines per exoneration. 



Which of the follot^np, stateoionts raost nearly expresses the 
logical conclusion of the extract? 

A Evolution would be more rapid today than 
in precivilized tine. 

Pi Our present population is so large that V7e 
must begin to take population control 
measures • 

C It is important that we should learn to 
control the effects of mutation. 

D There is less likelihood of new races arising; 
today than there was in precivilized ti:7iG. 

E The present races are more likely to be 
similar to one another than they were in 
precivilized time. 



llh'ch of the following assumptions is (are) made by Glazr 
in developing his argument? 

A There has been no marked change in mutation 
rate since precivilized tine. 

B All the people in the population pass their 
nutations to their children. 

C The chance of survival of any one individual 
has remained fairly constant since precivilisi 
time. 

D All of the above. 
E None of the above. 



46. 



TA5LE6 





POP'* 


ITIVi: 


ITEM ;MI:\1YSIS 


T 
1 




inTiIBER 


T \VniTOr TTP 

CATEGORY* 


T>IFFICULTy (%) 
ii SII 


(k (o TT^ 




1 
1 


1 • 


100 


04 


p. 

v.* . J J 


^' O Ol 
^ U • Ul 


9 


1 1 1 

X • 1 1 


34 


49 


U . J J 


< 0 OS 


«j 


111 

X, 11 


46 


34 


0 lA 


< 0 OS 


H 


'K on 


68 


74 


0 19 
U . 1 ^ 


> 0 OS 
U • U J 


s 


1 11 

X • *J X 


CO 


60 




>0 OS 


u 


1 1 1 

X • X X 


86 


35 


0 9A 


> 0 OS 
U • U J 


7 


1 1 1 

X • X X 


62 


53 


O 90 


> o ns 

vJ • UJ 


fi 
o 


1 

X • SmJ 


20 


31 


■J • J J 


< O 001 
^ U • 'J'J X 


q 

7 


1 11 

X • J X 


70 


43 


O <\0 


< n 01 
^ u • U 1 


in 




72 


41 


0 '^9 


< O OS 


1 1 


1 11 

X • X X 


c3C 


64 


O 17 
U.J/ 


< O 09 
^ J . uz 




1 11 

1 • J 1 


3f 


63 


V • J J 


^ U . Uvi 


1 1 


1 10 

X • 


76 


52 


n in 


^ n AC 




1 10 
X • 


36 


25 


U . Zo 


^ A ni; 
J .UJ 


1 s 


9 10 


42 


49 


U . 0 1 


^ U . UUx 


16 


1 00 


84 


86 


u . Jo 


^ A AO 


17 


1 11 
X • J X 


86 


82 


U.J/ 


< A AO 
• UZ 


X \J 


1 00 


6& 


74 


O 9 9 

u . zz 


> A AC 
\ ^ U . U J 


1*5 

* ✓ 


1 25 


55 


50 


n A9 
u . oz 


< A AAl 
^ U .UUx 


20 


4.20 


66 


62 


0 11 
U . Jl 


A AS 
U • U J 


21 


1.11 


5S 


50 


-0 or 

\i • uo 




22 


2. 20 


26 


47 


U • Xu 


•>0 OS 
U • Uj 


23 


3.00 


42 


55 


0 1 1 

1/ . X X 


>0 OS 
•J . J3 


24 


2.20 


24 


25 


0 91 


> ^ OS 


25 


2,20 


70 


07 


0 1 

U . X J 


> O OS 


26 


1 10 


76 


^\ 


u . Zy 


^ n AC 
''U.Oj 


27 


A 90 


90 


78 


0.37 


^0.02 


28 


2.20 


90 


78 


C.53 


<0.001 


29 


2.30 


86 


88 


-0.20 




30 


4.10 


CO 


84 


0.07 


>0.05 



TOTAL IIUIIDER OF STUDEITTS:- SI = 50 

SII = 6G 

*3L00a, B.S. Taxonopy of Educational Objectives (Handbook 1 - Cognitive 
Domain) Longnans, Green & Co., N.Y. , 1956. 



47. 



TADLE 7 



COCMITIVr. ITE-f. /MTALVSin II 



COPJIECT 



llUllBER 


K 

ii 




C 


D 


E 




1 


30 


11 


0 


10 


n 

KJ 


b 


2 


17 


0 


15 


1 


35 


E 


3 


7 


9 


0 


0 


52 




4 


19 


34 


3 


13 


0 


A 


5 


2 


5 


11 


27 


23 


D 


6 


5 


1 


28 


28 


6 


D 


7 


11 


0 


32 


9 


16 


C 


8 


7 


0 


6 


47 


0 


D 


9 


21 


39 


2 


0 


6 


p, 


10 


40 


26 


1 


0 


1 


A 


11 


3 


11 


24 


16 


14 


C 


12 


25 


18 


7 


4 


14 


A 


13 


14 


5 


33 


11 


5 


C 


14 


4 


1 


10 


2 


51 


E 


15 


35 


1 


8 


0 


24 


A 


16 


10 


4 


6 


3S 


10 


A 


17 


3 


23 


9 


21 


12 


E 


■ 18 


18 


8 


30 


10 


2 


A 


19 


34 


9 


1 


5 


19 


A 


20 


9 


12 


26 


15 


6 


C 


21 


31 


2 


.0 


34 


1 




22 


18 


4 


2 


43 


1 


D 


23 


10 


8 


31 


3 


16 


C 


24 


6 


1 


9 


51 


1 


D 


25 


24 


14 


19 


2 


10 


D 


26 


16 


13 


5 


13 


21 


B 


27 


3 


15 


22 


1 


27 


B 


28 


9 


3 


O 

u 


33 


15 


C 


29 


34 


0 


3 


8 


23 


I) 


30 


11 


10 


10 


8 


29 


A 


TOTAL 


HUIIBER OF 


STUDEllTS 


(SII) 


= BO. 







COGNITIVE ITEH AMAI.YHTr. TTT 



cotrhnr 

?R00Bff8 i 

i 


1 


f 1 

^ P. 
n H 


1! 


■ I 


If 


Xaevledga 


2,3.6,7, 

21 


1,3,9,11,12 
13,14,17 


8,19 






GoBprahiniloii 




10,15,22 


24 


25 


28,29 


AppllMttm 


■ 


16,18,23 . 




26 

• 








20 


27 




10 



HOTES OM COGHITIVB ITEM A?TALYSIS 

The Difficulty of each Item Is calculated as the percentaRe of student? 
giving a Tironc response. Group SI comprises a random sample of fifty 
students currently taking Science I,. and «roup SII contains all students 
doing Envlronncntal Science (Science II). 

0, which Is listed only for proup SII, Is a measure of the 
discriminatory pother of each Item, and Is calculated accordlnc to the 
equation below. 



1X2 



^ ""^ • . " «= number of cases used to calculate X*. 

" No. In Upper group + Ilo. in Lower group 
» 40. . . • 

A significant level of item discrimination is generally indicated by 
a probability of ^ 0.05. 
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cour.cE EV.\LnATio:i 

The followinf^ questionnaire vas constructed to detominc the opinion 
of students with respect to the interest, difficulty and relevance of 
the course as a whole, and of each of the inte^^ral sections in both 
the theoretical course and the rireas of seriinar and discussion topics. 
Opportunity was also provided for general comnents on topics to be 
included in, or omitted from the course, and for a statc:ient of opinion 
on the continuation of the course, 

;!OTE£ OH COURSE EVALUATIOH The nurabers in each square of this questionnaire 
represent the actual nunber of students indicatinp the respective 
response. The total number of students was 6C, but since there was no 
coapulsion to answer every statement, the total number of 
respondents in each case shovred slisht variation. Larger variations were 
found in section D, since relatively fe:^ groups of students had covered every 
seminar topic. 
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ENVIRONMENTAL SCIENCE RKSEARCH PROJECT - COURSE 



EVALUATION 



A> GENERAL VIEWS , Indicate your response to each of the following 
statements by placing a mark (X) in the appropriate position 
according to the key below. 

SD - STRONGLY DISAGREE 

D - DISAGREE 

N - NOT SURE 

A - AGREE 

SA - STRONGLY AGREE 



1. This course as a whole was: 

(a) uninteresting 

(b) difficult 

(c) not relevant to me as a 

teacher 

(d) not relevant to me as a 

person 

2. This course has not changed my 

attitude toward: 

(a) science 

(b) conservation 

(c) pollution 

3. There was not enough time in this 

course devoted to: 

(a) laboratory practice J work 

(b) field exercises 

(c) student seminars 

(d) lectures on background information 

B> SEMINARS . 

If The seminars as a whole: 

(a) were uninteresting 

(b) were too difficult to understand 

(c) were not relevant to me as a teacher 

(d) gave no Insight Into specific 

social and environmental problems 

(e) provided little opportunity for 

Broup discussion 
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hy e:wn sunin.'ir l.opic: 
(.i) was uninlurost i n^'. 

(b) was i.i)0 tlinicult 

C» ) u.KS l.i)o vaj;ut! 

(clj j»avo me littli- Lnsfght Into 
this problem 

(c) provided llttlci opportunity 

for discussion 
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inAMK of St^t 1 NAR TOP ] C: : 



^•r. j^l^lL^HSK ;miM(fH. Indicate whether you thought each of the following 
lopirs was uninl.urcicitiny» too difficult, or not relevant to the 
• oiirso as a wholi.^ by plaiting a mark (X) in the appropriate position 
.Kcording to thee ki?y below - 

i) • niSAGREE 



A - ACREE 













Not relevant 












to the 








Too 




course as 




Uninteresting 


Difficult 


a whole 
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(b) Foml Chains 

(i) Human f ood procUiction 
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(a) Guner.il population studies 
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(b) Human population problems 
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(i:) Human reprodui'.t ion 
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0 



C. COURSE TOPICS (ContM) 


Uninteresting 
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6. Genetics - 














(a) Biochemical genetics 

(structure and function 
of chromosomes) 


45 


16 


34 


30 


53 


11 


(b) Instructional Program 
(DNA/RNA) 
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(c) Mutation (and 
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(d) Natural selection 
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D. SEMINAR TOPICS (Consider 
only those you have 
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I, Energy and Pollution 


32 


3 


30 


2 


33 


0 


2. The Balance of Nature 


43 


10 


54 


5 


48 


] 


3. Stress 


51 


u 


48 


8 


56 


<^ 


4. Genetics in Agriculture 














5. Marine Farming 
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9. Contraception 
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E. GENERAL COMMENTS . 

1. Outline below any topics you would like to have 

(a) Included In, or 

(b) omitted from 

this course. 



(a) INCLUDED . (b) OMITTED 

Brain-washing & Indoctrination Blogeochemlcal cycles (X3) 

Human Transplants. Ecosystems (XI) 

Suspended animation Pollution (XI) 
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2. Select one of the follo»7ing nltcrnativos and, if possible, five the reasons 
for your selection* 

I T'70uld recommend that this course be - 

(a) continued as the only course in the second year Science 
proEram; 

(b) continued, but in association with other alternative 
courses; 

(c ) d iscont inucd. 

Selection: (a) 12 

(b) 55 

(c) 1 

Reasons: 



3. Other consents. 



GENERAL ANALYSIS AND DISCUSSION^ 



AFFECTIVE EVALUATION . Since practical difficulties prevented 
the use of a pretest/post test design, various groups of 
first - and second-^year students not doing thL-s Environmental 
Science course were used as controls. The mean results and 
standard deviations shown for each group in table 2 indicate 
no obvious trends or significant differences between control 
and test groups for any group of statements. Either, then, 
the test was insensitive to existing differences in attldude, 
or no such differences exist. Whatever the case, it seems 
reasonable now to examine the discriminatory power and response 
frequency distribution of individual statements, as well as 
group reliability, on the basis of total student response. 

Although the statements in Group A show good discrimination 
and group reliability (Table 3) most of them show a very 
high level of popularity, indicating that they are 
discriminating largely between different levels of agreement 
or disagreement, rather than between these two affective 
extremes. Thus the discriminatory power of these statements 
may be largely artificial, in the sense that the two levels 
of agreement or disagreement can not be clearly defined 
nor therefore universally understood and accepted. This 
inter-level discrimination can be substantiated by an 
analysis of the response fraquency distribution. (Table 3). 
Similar results of good discrimination scores at high levels 
of popularity are also evident in several statements from 
group B (Table 4) and group C (Table 5). 

The reliability measures of statement groups B and C 
are both unacceptably low, though the popularity levels and 
discrimination scores for individual statements are generally 
well within the acceptable range. This may be an indication 
of general ambiguity, as is probably the case with statement 
27 (Group B/Table 4), which might have been Interpreted as 
a statement of legal fact rather than personal oplnlont but 
is more likely to suggest that many of these statements are 
not seen by the students to reflect a common underlying 
attitude. Rather it seems that several of the statements 



from groups B and C are Interpreted as individual issues and 
thus evoke a pattern of responses inconsistent with that 
defined by those who prepared and accepted the questionnaire. 
If this is the case, it may be questioned that a general 
attitude toward environmental conservation even exists » and 
suggested that individual issues of environmental concern 
will evoke different responses in the same person, 
depending on his assessment of the priorities involved in 
each 9 essentially separate situation. In terms of course 
objectives^ this would suggest a greater emphasis on the 
analysis of individual issues of environmental concern » and 
on discussion of the various factors involved, rather than a 
more general and superficial approach to the advantages of 
environmental conservation* 

II COGNITIVE EVALUATION * It can be seen from the item analysis 
results in Table 6 that most of the questions involving only 
knowledge (Taxonomic category 1) were less difficult, if only 
slightly so, for the second-year science students than for 
those doing science I* Moreover these questions in general 
show significant levels of discrimination (P < 0.05) within 
the SII group of students, and are therefore useful evaluative 
items. The questions on higher cognitive abilities, however, 
generally show no consistent differences in difficulty between 
SI and SII groups, and fail to give any significant 
discrimination between the upper and lower sections of the 
SII group* It is difficult, therefore, to make useful 
generalisations about the effectiveness of the Environmental 
Science course in this cognitive area, though it is interesting 
to note that the questions on comprehension and application 
of experimental data (25,26) were both ttore difficult for 
the SII group than for SI. This may be somewhat 
dlstrubing in the knowledge that these areas were an Important 
part of the SII course objectives, but it should be 
emphasized that the SI "control" group had not done the same 
course as that of the SII group in the previous year, and that 
these objectives were now also part of the SI course. Despite 
the Inconclusiveness of these results, it seems obvious 
that much more emphasis must be given to those objectives 
based on higher cognitive abilities, In order to achieve 
the Important aim of rational and analytical discussion 
on matters of environmental concern* 



Ill COURSE EVALUATION > The course evaluation questionnaire 
was designed simply to give an Idea of how the course was 
seen by those who studied It* Most of the students 
thought the course was generally Interesting, though often 
difficult, and relevant In both a personal and professional 
sense. Many thought that more time should be devoted to 
field and laboratory exercises, and lectures on background 
Information, though the latter had already been given 
a major part of the total course time allocation. The 
student seminars generally received a very favourable 
reaction, and did not appear to Involve the same degree 
of difficulty encountered In many of the lecture topics. 
The Initial sections of the course, and In particular that 
dealing with the blogeochemlcal cycles, were often thought 
rarely Irrelevant. The section on biochemical genetics 
evoked a similar response, and was thought by several 
students to be Irrelevant to the course as a whole, but was 
not listed among those topics recommended for omission 
In question El. Although a number of students recommended 
that this course be continued without option, most were In 
favour of continuing the course In association with other 
alternatives. It Is Interesting to note, however, 
that the reasons for this suggestion Indicated a general 
reaction against universal or compulsory courses, rather than 
any specific dissatisfaction with this one, or a desire in 
these students to chose any of their recommended alternatives 
in preference to this course. 



